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, \rho U DU’
$p_{L}(>p_{U})$ $D_{L}$ ( 1 ). , $g,$ $D_{J_{d}}$ ,
$\rho_{L}\text{ }$ . , 2 ( )
$y=0$ $y=-1$
$y=D(\equiv D_{U}/D_{L})$ . 1 $x$ $x-y$
2 .
, , (x,y, $t$) (t ),
$\phi_{L}(x,y,t)$ Laplace :
$\Delta\phi_{U}=0$ ( ) (1)
$\Delta\phi_{J}$. $=0$ ( ) (2)
. $\Delta=\partial^{2}/\ ^{2}+\partial^{2}/\phi^{2}$ . , \eta (x,t)
,
$\frac{\partial\phi_{U}}{\Phi}=0$ at $y=D$ , (3)
$\frac{\partial\eta}{\partial t}+\frac{\partial\phi\partial\eta}{\ \ }= \frac{\partial h}{\Phi}$ at $y=\eta$ , (4)
$\frac{\partial\eta}{\partial t}+\frac{\partial\phi_{J_{d}}\partial\eta}{\mathrm{a}\mathrm{a}}=\frac{\partial\phi_{J_{\wedge}}}{\Phi}$ at $y=\eta$ , (5)
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$- \rho\{\frac{\partial\phi_{f}}{\partial t}+\frac{1}{2}[(\frac{\partial\emptyset_{U}}{\partial x})^{2}+(\frac{\partial\phi_{U}}{\partial y})^{2}]\}+\frac{\partial\emptyset_{L}}{\partial t}+\frac{1}{2}[(\frac{\partial\phi_{L}}{\partial x})^{2}+(\frac{\partial\emptyset_{J\nu}}{\Phi})^{2}]+(1-\rho)\eta=f(t)$ at $y=\eta,(6)$
$\frac{\partial\phi_{L}}{\phi}=0$ at $y=-1$ . (7)
, $f(t)$ (6) $xarrow\infty$ ,
$\rho=\rho_{U}/\rho_{J},$
’ $D=D_{U}/D_{L}$ , (8)
.
(1)-(7) :
$\phi_{U}=-vx+\Phi_{U}(x,y)$ , $\phi_{L}=-vx+\Phi_{L}(x,y)$ , $\eta=\eta_{I}(x)$, (9)




, (9) . (1)-(7) (9)
$\phi_{U}=-vx+\Phi_{U}+\hat{\phi}_{U}(x,y)\exp(\lambda t)$ ,
$\phi_{J},$ $=-vx+\Phi_{J},$ $+\hat{\phi}_{f_{\wedge}}(x,y)\exp(\lambda t)$ , (10)
$\eta=\eta_{J}+r^{\wedge}l(x)\exp(\lambda t)$ ,
. \mbox{\boldmath $\lambda$} . (10) (1)-(7) , $(\hat{h},\hat{\emptyset}_{L} ,\eta\hat)$
, X , ( ,A,\eta ^)
:
$\Delta\hat{\phi}_{U}=0$ ( ) (11)
$\Delta\hat{\phi}_{J_{d}}=0$ ( ) (12)
,
$\frac{\partial\hat{\phi}_{U}}{\Phi}=0$ at $y=D$ , (13)
$\mathrm{L}_{\mathrm{U}}[\emptyset_{U}^{\wedge},\hat{\eta}]=-\lambda\hat{\eta}$ at $y=\eta,$ , (14)
$\mathrm{L}_{\mathrm{L}}[\emptyset_{J_{d}}^{\wedge},\hat{\eta}]=-\lambda\hat{\eta}$ at $y=\eta_{l}$ , (15)
$\mathrm{L}_{\mathrm{I}}[\hat{h},\hat{\phi}_{L},\hat{\eta}]=\lambda(\rho\hat{h}-\hat{\phi}_{L})$ at $y=\eta,$ , (16)
$\frac{\partial\hat{\phi}_{L}}{\phi}=0$ at $y=-1$ , (17)
$\frac{\partial\hat{\phi}_{\mathrm{t}H}}{\ }arrow 0,$
$\frac{\partial\hat{\phi}_{U}}{\Phi}arrow 0,$ $\frac{\partial\hat{\phi}_{L}}{\ }arrow 0,$ $\frac{\partial\hat{\phi}_{L}}{\Phi’}arrow 0,\hat{\eta}arrow 0$ as $xarrow\pm\infty$ , (18)
$\text{ }\mathrm{L}_{\mathrm{U}}$ , $\mathrm{L}_{\mathrm{L}}$ , LI .
$\mathrm{L}_{\mathrm{U}}[\hat{h},\hat{\eta}]=(-\frac{\partial}{\Phi}+\frac{d\eta,\partial}{hh})\hat{\phi}+[(\frac{\partial^{2}\Phi_{lJ}}{\mathrm{a}^{2}}+\frac{\partial^{2}\Phi_{\{f}}{\ \Phi} \frac{d\eta_{J}}{\ })+(-v+\frac{\mathrm{g}_{U}}{\ }) \frac{d}{\ }]\hat{\eta}$, (19)
151
$\mathrm{L}_{\mathrm{L}}[\hat{\phi}_{L},\hat{\eta}]=(-\frac{\partial}{\Phi}+\frac{d\eta_{I}\partial}{\ b}) \hat{\phi}_{L}+[(\frac{\partial^{2}\Phi_{r}}{\ ^{2}}$
.
$+ \frac{\partial^{2}\Phi_{/_{J}}}{\partial\kappa\phi}\frac{d\eta_{J}}{h})+(-v+\frac{\partial\Phi_{L}}{\ })‘ \frac{d}{k}]\hat{\eta}$ , (20)
$\mathrm{L}_{\mathrm{I}}[\hat{\emptyset}$
$+\{$
$u’ \hat{\phi}_{/}.’\hat{\eta}]=-\rho[(-v+\frac{\partial\Phi_{U}}{\ }) \frac{\partial}{\partial x}+\frac{\partial\Phi_{U}}{\Phi}\frac{\partial}{\Phi}]\hat{\phi}_{\{f}+[(-v+\frac{\partial\Phi_{L}}{b})\frac{\partial}{\ }+ \frac{\partial\Phi_{J},\partial}{\Phi\Phi}]\hat{\phi}_{L}$
$- \rho[(-\nu+\frac{\partial\Phi_{U}}{b})\frac{\partial^{2}\Phi_{U}}{\ \phi}+ \frac{\partial\Phi_{lJ}}{\Phi}\frac{\partial^{2}\Phi_{tJ}}{\Phi^{2}}]+(-v+\frac{\mathrm{g}_{J}}{\ },$
$) \frac{\partial^{2}\Phi_{L}}{\ \phi}+\frac{\partial\Phi_{L}\partial^{2}\Phi_{L}}{\phi\phi^{2}}+1-p\}\hat{\eta}.(21)$
(11)-(18) , \mbox{\boldmath $\lambda$} . , \mbox{\boldmath $\lambda$}
, .
, . h $(>0)$ ,
TU’ \eta , ( ) E, M ,
$h \equiv\max|\eta_{J}|$ , $\tau_{U}=\frac{\rho}{2}\int \mathrm{b}_{\mathrm{u}\mathrm{i}\mathrm{d}\mathrm{d}\mathrm{o}\mathrm{m}\mathrm{a}\mathrm{i}\mathrm{n}}^{\mathrm{h}\mathrm{o}1\mathrm{e}\mathrm{u}\mathrm{p}\mathrm{p}\mathrm{e}\mathrm{r}\cdot[(\frac{\partial\Phi_{U}}{\ })^{2}+(\frac{\partial\Phi_{U}}{\phi}1^{2}\mathrm{b}^{dy}}$, (22)
$T_{L}= \frac{1}{2}\int \mathrm{k}_{\mathrm{d}\mathrm{d}\mathrm{o}\mathrm{m}\mathrm{a}\mathrm{i}\mathrm{n}}\mathrm{h}\mathrm{o}1\epsilon 1\mathrm{o}\mathrm{w}\epsilon \mathrm{r}-[(\frac{\partial\Phi_{J}}{\ },$ $)^{2}+( \frac{\partial\Phi_{L}}{\Phi})^{2}]dxdy$ , $E=T_{U}+T_{L}+ \frac{1-\rho}{2}\mathrm{r}_{\infty}\eta_{I}^{2}\$ , $M=[_{\infty}\eta_{I}h$ ,
.
2.
: $(\Phi_{U},\Phi_{L},\eta_{I})$ . ,





$\sigma=\frac{dMd\Omega}{dvdv}$ , $\Omega=\frac{2}{\nu}(T_{L}-\frac{T_{U}}{D})-(1+\frac{\rho}{D})vM$ . (24)
[ ]
(11)-(18) |\mbox{\boldmath $\lambda$}|\rightarrow 0 ,






\rho D , h h
. dE/dv=0 . dE/dv=0
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, 1 , . $\langle dE/dv=0$
, $\sigma dE/d\nu$
. 1 , 1 .
4.
$(p=0)$ , 3
. $E$ $v$ , 2(a)
. dE/dv=0 , h=0781
. , $h=\mathit{0}.781$ . $E$ , 2(a)
( 2(b)) , h=0830 .
$\sigma dE/d\nu$ , $h=\mathit{0}.830$ 2
. ,
(Tanaka 1986; Longuet-Higgins&Tanaka 1997) – .
5.
. , Tumer &
Vanden-Broeck (1988) . (Funakoshi&Oikawa 1986; Amick&Turner
1986) , $\rho$ $D$ .
$\rho<D^{2}$ , $\rho>D^{2}$ . 5.1




2(a) , $D=1$ $E$ $v$
. $(\cross)$ $dE/d\nu=0$ , (O) 2 $dE/dv=0$
, $\mathrm{O}$ $\sigma dE/dv$ $($ $)$ . ,
\rho \leq 00006 dE/dv=o , \rho \geq 00007
. 00006\leq \rho \leq 00007 E
, 2(c) . , $\rho\leq 0.00062$
$dE/dv=0$ , $\rho\geq 0.00064$ . , $\rho=0.0006$ 0.00062
2 $dE/dv=\mathit{0}$ , $\sigma dE/$
. 3 , 2
, . ( $\rho=0.0006$
, h=0.890 )
, (11)-(18)
3 . $(\cross)$ $\rho=0.0006$ $\lambda$
. $\lambda$ $h=\mathit{0}.837$ , , $h=0.89$
\mbox{\boldmath $\lambda$}=O , .
(3 ) – .
(ii) $D=10$






2 [\rho $=0$ ( )] [D $=1,$ $\rho=0.0003$ , 0.0006, 0.0007, 0.001
( )$]$ E \nu . $(\cross)$ dE/dV=o
, h $[$ $]$ . (O) 2 /#=0
, $\sigma dE/$ 0 . (a)
. (b) . (c) , $\rho=0.00062$ ,



















$\theta.83$ 0.84 0.85 0.86 0.87 0.88 0.89 0.9
$h$
3 (D $=1$ , p=0.0006) $\lambda$ $h$
. $(\cross)$ . $($ $)$ , - h=0837
.
$v$
4 (D $=10,$ $\rho=0.05,0.1,0.15$ ,0.21) $E$
$\nu$ . $(\cross)$ $dE/dv=0$ , $h$ $[$ $]$ .
155
4 . $p\leq \mathit{0}.1\mathit{9}$ $dE/d\nu=0$ ,
$\rho\geq 0.\mathit{2}1$ . $\rho\leq 0.19$ , $dE/dv=\mathit{0}$
, $\rho\geq 0.21$ .
p=0.15 , h=3089 .
, \rho =0.15 , (11)-(18)
$\lambda$ 5 . $h=3.08\mathit{9}$
. 6 , $\rho=0.15$ , $h=2.80$,
2.90, 3.00 3 . $h=3.089$
. , $h\geq 2.\mathit{9}\mathit{0}$
.
, . ,
. , \mbox{\boldmath $\lambda$}
















3088 309 3092 3094 3096 3098
$h$
5 (D $=10,\rho=0.15$ ) \mbox{\boldmath $\lambda$} $h$





6 (D $=10,$ $\rho=0.15,$ $h=2.\mathit{8}0,2.\mathit{9}0$,3.00) . (a) . (b)
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